Background--The optimal duration of b-blocker therapy in patients with acute myocardial infarction (AMI) is unknown. We aimed to evaluate the late effect of b-blockers in patients with AMI.
P
atients with acute myocardial infarction (AMI) are a highrisk group with increased mortality even after successful revascularization; thus, the current practice guidelines emphasize the importance of intensive risk factor modification, including hypertension in patients with AMI. 1 b-Blockers have improved survival and are one of the cornerstones in the treatment of ischemic heart disease; they exert an antianginal effect by reducing the myocardial workload and oxygen demand. 2 Besides, they also have antiarrhythmic and antiremodeling effects. 3 The effects of b-blockers have been extensively investigated in patients with AMI, [4] [5] [6] [7] and the current practice guidelines also recommend the use of b-blockers in all patients after AMI unless contraindicated. 1, 8 Although the effects of b-blockers on short-term outcomes are well established, data on their long-term effects are scarce, especially beyond 1 year after AMI. In addition, the b-blocker prescription may change during follow-up, so recent studies that examined long-term survival effect according to b-blocker prescription at discharge might have grave limitations. 9, 10 Therefore, whether b-blocker use beyond 1 year after AMI truly reduces mortality in the current era of AMI and post-AMI care remains inconclusive, particularly in patients with preserved left ventricular (LV) systolic function. In low-risk patients (preserved ejection fraction, young age, absence of arrhythmias, or residual ischemia), prolonged use of b-blockers is unlikely to confer any mortality benefit. 11 These findings continuously raise a question to clinicians on whether to discontinue bblockers in low-risk patients or to switch b-blockers to other classes of antihypertensive agents with stronger evidence for secondary prevention of cardiovascular adverse outcomes.
In this study, we aimed to examine the late effect of bblockers in patients with AMI. For this purpose, the b-blocker status and clinical characteristics of each patient were reevaluated at discharge, 1 year after AMI, and 3 years after AMI.
Methods
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Study Population
Seoul National University Bundang Hospital is a paperless hospital, and all patients' information on medication and laboratory findings is electronically recorded and archived. Seoul National University Bundang Hospital was the first outside the United States that reached stage 7 of the Healthcare Information and Management System Society. Stage 7 implies an environment where paper charts are no longer used, thereby enabling true sharing, information exchange, and immediate delivery of patient data to improve process performance, quality of care, and patient safety.
We selected all consecutive patients who presented with AMI between June 3, 2003 and February 24, 2015 by using a searching machine called "clinical data warehouse," which is designed to search and retrieve patient information from electronic medical records. In our hospital, we monitor all patients admitted with an initial diagnosis of AMI 12 and adjudicate the discharge diagnosis in the framework for continuous quality improvement. Therefore, in the present study, we included the following patients: (1) patients who were admitted to the coronary care unit via the emergency department and (2) patients who had AMI as a discharge diagnosis. Patients were treated with revascularization with thrombolysis, stent implantation, or coronary artery bypass graft surgery; or they received medical treatment only without revascularization. Variables, including demographic and baseline characteristics, medical history, clinical presentation, laboratory tests, hospital course, and clinical outcomes during admission and at discharge, were collected from each patient. Almost all patients underwent echocardiography during hospitalization for AMI.
The study protocol was approved by the institutional review board, and written informed consent was waived (institutional review board no. B-1411/276-115). The study complied with the principles of the Declaration of Helsinki.
b-Blockers
We collected data on the dose and type of b-blocker for each patient before admission, at discharge, and 1 and 3 years after AMI.
10,13,14 b-Blocker prescription was defined as a binary variable (yes or no), regardless of the b-blocker type or dose. We also collected data on b-blocker type and dose.
Study End Point
The primary outcome was 5-year all-cause mortality. We were especially interested in the late effect of b-blockers beyond 1 year, so we performed landmark analyses at 1 and 3 years after AMI. Therefore, we have 3 study populations at 3 different time points (ie, at discharge and 1 and 3 years after AMI). Population 1 included patients with AMI, who were discharged alive. Population 2 included patients who visited our institution at 1 year after discharge, excluding those who were referred out or died. Population 3 included patients who visited our institution at 3 years after discharge, excluding those who died or were referred out between 1 and 3 years after discharge. The prescription of b-blockers in each patient was reevaluated, and 5-year all-cause mortality was reassessed from these landmarks. The vital statuses of all the patients were collected from the National Insurance data or National Death Records.
Statistical Analyses
Data are presented as numbers and frequencies for categorical variables and as meanAESD for continuous variables. For comparisons among the groups, the v 2 test (or Fisher's exact test when any expected count was <5 for a 292 table) was used for categorical variables, and the unpaired Student t test or 1-way analysis of variance was used for continuous variables. Five-year mortality was analyzed using the Kaplan-Meier method. Survival times were censored at the date of death, last follow-up, or last vital status collection. A multivariable Cox proportional-hazards regression model was used to determine the effect of b-blocker as an independent predictor of all-cause death. Covariates for the adjustment were selected using the stepwise Akaike information criterion method. The following variables were included in the Clinical Perspective What Is New?
• Although b-blockers appear to be beneficial in patients with acute myocardial infarction, the beneficial effect may be limited beyond 1 year after acute myocardial infarction.
What Are the Clinical Implications?
• Because calcium channel blocker use in population 2 violated proportionality, it was removed from the model. The propensity score was estimated using multivariable logistic regression analysis with the variables listed in the second adjustment model. A propensity score-matched cohort was created using the nearest neighbor method without replacement, in a 1:1 ratio. "MatchIt" package of the R programming was used for the matching.
A 2-sided probability value of <0.05 was considered indicative of a statistically significant difference. Statistical analyses were performed using R programming, version 3.1.0 (The R Foundation for Statistical Computing, Vienna, Austria; http://www.R-project.org). All the analyses were performed by a professional statistician (S.-H.K.).
Results

Patients
From 2003 to 2015, 2753 patients with AMI were admitted. Of the patients, 161 died during hospitalization, so that only the data of 2592 patients were available for the current analysis (Figure 1) .
For the baseline characteristics of population 1, the mean age was 62.7 years. Of the patients, 76.4% were men, 51% had hypertension, 28% had diabetes mellitus, 51% had STEMI, and 49% had non-STEMI. For the revascularization method, 4.1% underwent thrombolysis: 86.1%, percutaneous coronary intervention; 6.8%, coronary artery bypass graft surgery; and 8.17%, medical therapy only without any revascularization procedure.
The prescription rates of b-blockers were 72%, 69%, 63%, and 60% at discharge and 1, 3, and 5 years after AMI, respectively (Figure 2A ). At discharge, the most commonly prescribed agents were carvedilol (70%), followed by bisoprolol (28%) and nebivolol (1%; Figure 2B ). b-Blocker prescription status had significantly changed during follow-up ( Figure 2C ). No significant difference in systolic blood pressure was found between the groups at discharge and during follow-up in the 3 populations ( Figure 2D ). Table 1 shows the baseline characteristics of the patients according to b-blocker use. The patients who were receiving b-blocker had more favorable clinical characteristics, such as younger age (62 versus 65 years; P<0.001), lower NT-proBNP (N-terminal pro-B-type natriuretic peptide) level (2062AE6844 versus 3882AE10 693 pg/mL; P<0.001), and more RAS inhibitor use (83.6% versus 68.5%; P<0.001). They received reperfusion therapy more often (94% versus 85%; P<0.001) than those without b-blocker prescription. For their medications, they received RAS blockers (84% versus 69%; P<0.001) and statins (92% versus 78%; P<0.001) more frequently. 
Population 1 Outcomes: b-Blocker at Hospital Discharge
Overall, 320 patients died during a median follow-up of 1364 days (interquartile range, 784-2190 days). The mortality rate for each time point is presented in Table 2 . The patients who were receiving b-blockers at discharge had lower 5-year all-cause and cardiovascular mortality than those without b-blocker prescription ( Figure 3A and 3D ). In the Cox proportional hazard regression analysis after adjustment for significant covariates, b-blocker use was associated with a 29% reduced risk of 5-year all-cause mortality (hazard ratio [HR], 0.71; 95% confidence interval [CI], 0.56-0.91; P=0.008) and 36% reduced risk for cardiovascular mortality (HR, 0.64; 95% CI, 0.42-0.97; P=0.035) ( Table 3) . Body mass index, the use of RAS inhibitors, statins, percutaneous coronary intervention, and coronary artery bypass graft surgery were associated with reduced mortality, whereas advanced age, diabetes mellitus, previous cardiovascular disease, low LV dysfunction, and creatinine level were associated with increased mortality.
Population 2 and 3 Outcomes: b-Blocker at 1 and 3 Years
At 1 year, the data of 1946 patients were available. Of the patients, 69% received b-blockers at 1 year, and again, they had more favorable clinical characteristics that slightly differed from those at discharge (Table 1 ). In the KaplanMeier survival analysis, the patients with b-blockers at 1 year had lower 5-year all-cause and cardiovascular deaths (Figure 3B and 3E). However, in the Cox model, b-blocker prescription was not associated with survival after adjustment for significant covariates; RAS inhibitors and statins were beneficial, and hypertension was hazardous.
At 3 years, the data of 1179 patients were available. Similarly, patients with b-blocker prescription (63.8%) had better clinical characteristics than those without b-blocker prescription (Table 1) . However, the difference between the groups was markedly smaller than that at discharge or 1 year. Once again, patients with b-blocker prescription at 3 years had a lower 5-year all-cause mortality in the Kaplan-Meier survival analysis ( Figure 3C and 3F). Nevertheless, in the Cox model after adjustment, b-blocker use was not associated Figure 2 . b-Blockers (BBs) and blood pressure of the study patients. A, Prescription rates of BBs were 72%, 69%, 63%, and 60% at discharge and 1, 3, and 5 years after acute myocardial infarction, respectively. B, At discharge, the most commonly prescribed agents were carvedilol (70%), followed by bisoprolol (28%) and nebivolol (1%). C, BB prescription status changed during follow-up and, thus, it was significantly different in the 3 populations analyzed in this study. Of the patients, 20% and 11% changed their BB statuses from discharge to 1 year and from 1 to 3 years, respectively. D, The difference in systolic blood pressure between the patients with and those without BBs at discharge and during follow-up was not significant in the 3 populations. Data are given as meanAESD unless otherwise indicated. BMI indicates body mass index; BP, blood pressure; bpm, beats/min; CABG, coronary artery bypass graft; CCB, calcium channel blocker; CK-MB, creatine kinase-muscle/brain; CRP, Creactive protein; CVD, cardiovascular disease; EF, ejection fraction; GFR, glomerular filtration rate; HDL, high-density lipoprotein; Hs-CRP, high-sensitivity CRP; LDL, low-density lipoprotein; LVEDD, left ventricular end-diastolic diameter;
LVESD, left ventricular end-systolic diameter; MI, myocardial infarction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PCI, percutaneous coronary intervention; RAS, renin-angiotensin system; and STEMI, ST-segment-elevation myocardial infarction.
with reduced all-cause and cardiovascular mortality, whereas hypertension, RAS inhibitors, and statins were a significant predictor of 5-year mortality.
Subgroup Analysis
The effect of b-blockers may be dependent on comorbidities, such as LV dysfunction and hypertension; thus, we performed an exploratory subgroup analysis. We found no significant interaction between b-blockers and various subgroups at discharge. In population 2, among the patients <65 years and those who were receiving RAS inhibitors, the b-blocker prescription seemed to be beneficiary. In population 3, bblockers showed a protective effect only in the patients <65 years (Figure 4 ).
Propensity Score-Matched Cohort
A total of 1258, 824, and 556 patients were matched on the basis of propensity score at discharge and 1 and 3 years after AMI, respectively. The baseline characteristics of the cohort after matching were well balanced ( Table 4 , Figure S1 ). The Cstatistics showed area under the curve values of 0.85, 0.89, and 0.89 for populations 1, 2 and 3, respectively. In the matched population, b-blocker at discharge was associated with a 30% reduced risk (HR, 0.70; 95% CI, 0.52-0.94; Figure 3 . Five-year all-cause and cardiovascular (cv) mortality. In the Kaplan-Meier survival analysis, the patients with a b-blocker (BB) prescription in population 1 (at discharge) (A), population 2 (1 year after discharge) (B), and population 3 (3 years after discharge) (C) had lower all-cause mortality rates than their counterparts without BB use. Similarly, patients with a BB prescription had lower cv mortality in population 1 (D), population 2 (E), and population 3 (F).
P=0.019); however, b-blocker use at 1 year (HR, 0.85; 95% CI, 0.53-1.36; P=0.489) and at 3 years (HR, 0.89; 95% CI, 0.44-1.78; P=0.733) after AMI was not associated with improved survival ( Figure 5 ).
One-Year Later Outcomes
Because of the lag time between prescription and 5-year mortality, we also analyzed 1-year outcome to minimize the confounding, and the 1-year outcomes were similar to those of 5-year outcomes ( Figure 6 ).
Discussion
In patients with AMI, early b-blocker prescription improves short-and long-term survival; however, data that evaluate the late effect of b-blockers are scarce. Consequently, no consensus has been reached among cardiologists on the appropriate duration of b-blocker therapy in patients after AMI who have normal LV ejection fraction and do not have angina symptoms, arrhythmia, or hypertension. 15 The present study was designed to evaluate the late effect of b-blockers in patients with AMI and demonstrated that the use of bblockers at discharge was associated with a 29% reduced risk of mortality. However, b-blocker prescription at 1 and 3 years after AMI was no longer associated with improved survival.
Effect of b-Blockers in Patients With AMI
b-Blockers are one of the cornerstones for treatment of coronary artery disease; they reduce the myocardial oxygen demand, increase oxygen supply, and lower blood pressure. 16 Besides the antianginal effect, b-blockers reduce infarct size, malignant ventricular arrhythmia, and sudden cardiac death, especially during the early period of AMI. 3, 5, 17 Nonetheless, the optimal duration of b-blockers in patients with AMI is unknown. For the short-term effect, 15-day treatment with metoprolol after AMI did not reduce CABG indicates coronary artery bypass graft; CCB, calcium channel blocker; CI, confidence interval; CVD, cardiovascular disease; EF, ejection fraction; HR, hazard ratio; PCI, percutaneous coronary intervention; RAS, renin-angiotensin system; and STEMI, ST-segment-elevation myocardial infarction.
mortality, 17 whereas 90-day administration of metoprolol showed 36% mortality reduction. 18 For the long-term effect, timolol reduced mortality by 39% during a mean follow-up of 17 months, and the mortality curves continued to diverge up to 30 months. 19 In an extensive follow-up of the same study, the survival curves continue to diverge until 6 years but only in high-risk patients. 20 In the BHAT (b-Blocker Heart Attack Trial) trial, propranolol showed a mortality reduction of 25%; nevertheless, the survival curves became parallel after 1 year. 21 In a long-term follow-up study of the BHAT trial, propranolol showed a beneficial effect only among patients with recurrent ischemic events and congestive heart failure during the first 1 year after AMI, 22 indicating that the beneficial effect of propranolol beyond 1 year after AMI was confined to high-risk patients. However, these initial b-blocker studies were performed in the era of AMI treatment without reperfusion therapy.
In the present era of effective reperfusion with percutaneous coronary intervention and coronary artery bypass graft surgery, the effect of b-blockers may be different. Early intravenous administration of metoprolol therapy in (predominantly) patients with STEMI decreased the risks of reinfarction and ventricular fibrillation, but not mortality, for up to 4 weeks of treatment in the COMMIT (Clopidogrel and Metoprolol in Myocardial Infarction) trial. 23 For the long-term Figure 4 . Exploratory subgroup analyses. A, In population 1, no significant interaction was observed between b-blocker and mortality across all subgroups. B, In population 2, among the patients <65 years and those who were receiving renin-angiotensin system (RAS) inhibitors, b-blocker therapy seemed to demonstrate a protective effect. C, In population 3, b-blocker therapy showed a protective effect only in the patients <65 years. CABG indicates coronary artery bypass graft; CI, confidence interval; Cr, creatinine; EF, ejection fraction; HR, hazard ratio; NSTEMI, non-STEMI; PCI, percutaneous coronary intervention; and STEMI, ST-segment-elevation myocardial infarction.
outcome, b-blocker therapy was associated with improved survival in a subgroup of patients with reduced LV ejection fraction, 11 but not in those without heart failure and LV systolic dysfunction. 10, 24 In this study, the patients who were receiving b-blockers at discharge had a better 5-year survival, and the survival curves continued to diverge during the entire follow-up duration. Although the patients with b-blocker prescription at discharge had more favorable baseline characteristics, b-blocker prescription was associated with a 29% reduced risk of mortality after adjustment for significant covariates, confirming the beneficial effect of b-blocker prescription at discharge after AMI. This benefit seemed unrelated to the blood pressurelowering effect because no difference in blood pressure was observed until 3 years after AMI. In the prespecified landmark analyses at 1 and 3 years, we reevaluated all the patients on their baseline characteristics and b-blocker prescription because these important factors may change during followup. Many studies do not provide data on whether b-blockers were continued until the end of follow-up. 25 More important, b-blocker use at 1 and 3 years after AMI was no longer associated with reduced mortality in the Cox model, which suggests that the beneficial effect is attributed to the differences in baseline characteristics, not to b-blocker effect per se. Similarly, Puymirat et al showed in a French prospective registry that discontinuation of b-blocker treatment in the year after the AMI was not related to a higher risk of mortality up to 5 years. 13 
New-Generation b-Blockers
Despite the extensive use of b-blockers in patients after AMI, data on their benefits are derived from old studies 5, 19 or extrapolated from studies on chronic angina and heart failure. 8, 26 Therefore, data on the long-term effect of newer generations of b-blockers, such as bisoprolol, nebivolol, and carvedilol, are limited, which may have different properties and distinct effects from those of the first-generation bblockers (ie, propranolol or timolol). In patients with heart failure and reduced ejection fraction, only long-acting metoprolol, bisoprolol, and carvedilol have proven survival benefits, which indicates that the protective effect of b-blockers is not a "class effect," as seen in angiotensin-converting enzyme inhibitors. 7, 27, 28 In this study, 70% and 27% received thirdgeneration carvedilol and second-generation bisoprolol, respectively, and our study results did not demonstrate different efficacies in patients with AMI, as reported in previous studies.
13,29
Switch of b-Blockers to RAS Inhibitors
After 1 year, hypertension became an important risk factor of long-term mortality in this study, and the use of RAS inhibitors at 1 or 3 years showed a significant survival benefit. b-Blockers are not recommended as the first-line therapy for management of hypertension because of their inferior efficacy to that of RAS inhibitors. 30, 31 RAS inhibitors, such as angiotensin-converting enzyme inhibitors and angiotensin receptor blockers, exert pleiotropic effects and reduce oxidative stress, cardiovascular fibrosis, and vascular and cardiac muscle hypertrophies, 32 independently of their blood pressure-lowering property. Whether b-blockers should be switched to other classes of antihypertensive agents in patients with hypertension 1 year after AMI or later should be confirmed in further clinical trials.
Limitations
The current data are not results of a randomized controlled study but are from a single-center registry. Consequently, the risk factors showed a nonuniform distribution between the groups. Patients who did not receive b-blocker at discharge were sicker and at higher risk, which could potentially affect the results. Although we adjusted for significant risk factors, unmeasured covariates, such as instrumental variables, may have influenced the study outcomes. Although some statistical techniques can be used to eliminate unmeasured covariates, 33 only well-designed randomized controlled clinical trials are likely to be free of measured and unmeasured confounders. Furthermore, because of attrition of sample size in populations 2 and 3, we cannot exclude the possibility of type 1 error for the neutral association between b-blockers and mortality.
The main strength is that we could collect the information of all the patients who were undergoing regular follow-up, with a relatively small follow-up loss, which is rare at a tertiary hospital. Our hospital is a paperless hospital, and its electronic medical record system complies with stage 7 of the Healthcare Information and Management System Society; thus, we could reevaluate all patients' information at Figure 5 . Five-year all-cause and cardiovascular (cv) mortality in propensity score-matched cohort. A, In the Kaplan-Meier survival analysis, the patients with a b-blocker (BB) prescription in population 1 had lower mortality rate than their counterparts without BB use. However, the 5-year mortality did not differ between patients with or without BB prescription in population 2 (B) and population 3 (C). For 5-year cv mortality, the patients with a BB prescription in population 1 had lower mortality rate than their counterparts without BB use (D); however, there was no difference between patients with or without BB prescription in populations 2 (E) and 3 (F). discharge and 1 and 3 years after discharge. This unique design enabled us to determine the optimal duration of bblocker therapy, in comparison with studies that evaluated long-term effects according to the b-blocker prescription statuses at discharge and 1 and 3 years after AMI. Nevertheless, randomized trials that evaluate the effect of bblockers beyond 1 year in comparison with that of placebo are necessary before inclusion of the use of b-blockers in practice guidelines.
Conclusions
The beneficial effect of b-blocker therapy after AMI may be limited to until 1 year after AMI. Whether late b-blocker therapy beyond 1 year after AMI offers clinical benefit and whether b-blockers should be switched to other classes of antihypertensive agents in patients after AMI with hypertension should be confirmed in further clinical trials. 
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